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means  of  this  method  it  Is  possible  to  chemically  record  on 
xjhite  paeer  the  presence  of  a  multi-variable  electrical  field  and. also 
the  track  of  fall  or  passage  of  electromagnetic  wavesj  consequently  to 
detect  these  ’tri.thout  the  aid  of  a  gal-vanometer,  t;:eD;ioelectric  couple, 
or  an;^’’  other  instmments  with  wires*  The  method  consists  of  the  use 
of  a  detector  of  the  short  coherer  type  which  is  provided  vdth  elec¬ 
trodes  of  different  metalsv  The  poherer  lies  on  the  paper,  and  touches 
xt  at  two  po^jTDS.  The  paper  is  inipregnated  with  an  indicator  sensitive 
to  current  and  which  changes  color  as  a  result  of  electrolysis  after 
the  waves  strike  the  detector.  The  electrodes  of  the  coherer  can  be 
made  from  tne  same  metals,  but  then  it  is  necessary  to  pass  tlu^ough 
the  paper  a  ciirrsnt  from  a  special  battery.  By  distributing  on  the 
sheet  of  paper  many  such  detectors,  each  of  about  one  centimeter  in 
length,  after  the  waves  strike'  (illumination  by  waves),  the  paper  shows 
the  track  of  passage  or  strike  of  the  rays  in  the  forn  of  colored  snots 
(stictopraply).  A  doscrintion  is  giyen  of  the  electrostatics  of  the 
stictographic  detector,  theory  of  plane  current  in  a  paper  with  a  co¬ 
herer  lying  on  it,  and  the  theory  of  static  brealcdown  of  a  detector  on 
sensitive  paner.  'lae  action  of  the  latter  is  regarded  from  tlie  noint 
of  view  of  photogranhic  sensitometry. 

1.  Sensitive  Chemical  ?lat4  and  its  Use 

for  the  recording  of  highly  vailable  fields,  x/ritlng  paper  is 
used  which  had  been  first  impregnated  with  a  0.1- 1-percent  solution  of 
phenolphtha.lein  in  alcohol  and  then  moistened  with  a  2j-percent  solu¬ 
tion  of  saltpeter  or  sodium  sulfate.  The  paper  is  placed  on  a  hair 
sieve  or  on  a  thin  sheet  of  ebonite  (we  used"  a  Sheet  tliree  millimeters 
thick) ;  on  the  edge  of  the  paper  are  placed  tj-ro  brass  imilers  perpen¬ 
dicular  to  the  electrical  vector  of  the  waves  (edge  electrodes,  Pig  1)» 
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i^They  are  introduced  into  a  circuit  of  about  100  volts  of  direct  current] 
in  series  with  a  rheostat  of  1000  ohms.  Then  a  current  of  20-50  milli-' 
anfjsres  flows  throiigh  the  paper. 


The  coherers  seem  to  represent  Bx-aille  tubes  rolling  on  small 
wheels  on  the  paper,  the  rotation  of  Which  replaces  their  shaking.  The 
coherers  consist  of  small  gl4ss  tubes?  .about  six  millimeters  long  and 
three  mil3.imeters  in  diameter.  S^ort  brass  eleetoode.s'in  tlie  form  of 
rivets  d  (Pig  1)  are  positioned  in  shellac  in  their  ends.  The  distance 
between  their  internal  surfaces  is  about  two  millimeters.  It  is  half 
filled  with  slightly  oxidized  small  brass  shavings.  Diu'ing  the  opera¬ 
tion,  the  axes  of  the  coherers  lie  in  the  direction  of  the  electrical 
vector  of  the  waves.  By  rolling. or  throvring  over  the  coherers  along 
the  paper  when  a  current  is  passing  through  it  during  the  operation  of 
the  vibrator,  the  paper  shows  red  spots  xmder  the  electrodes  (heads  of 
the  id-vets)  of  those  coherers  which- lie  in  places  of  svifficient  inten¬ 
sity  of  the  electrical  field  of  the  waves.  Obviously,  the  center  of 
such  a  spot  does  not  coincide  with  the  center  of  the  detector. 

Having  one— two  tens  of  coherers,  it  is  useful  to  sew  these  on  in 
oblique  rows  to  the  thread  net  ,draw^  on  the  light  frame  or  to  place 
these  in  the  slots  of  the  thin  ebonite'  sheet,  situated  stepwise.  The 
axes  of  the  coherers  thereby  remain,  of  course,  parallel  to  the  elec¬ 
trical  field.  Such  a  frame  or  plate  has  the  dimensions  of  about  10-15 
centimeters,  forming  some  kind  of  an  "electrical  cliche."  In  the 
course  of  its  movement  along  the  paper,  all  the  coherers  are  at  once 
displaced  simultaneously. 

In  order  to  avoid  the  formation  at  the  edge  electrodes  of  large 
spots,  it  is  useful  during  the  stictographio,  process  to  commutate  the 
direct  current  (Fig  l).  illustrative  material  on  the  next  pag^  Each 
spot  of  the  detector  is  displaced  for  half  of  its  length  id-th  respect 
to  the  center  of  the  section  of  the  multivariabld  field  which  acts  on 
the  detector.  This  displacement  takes  place  in  the  flection  of  the 
axis  of  the  detector.  In  order  to  obtain  accurate  pictures  of  non- 
rectilinear  fields,  the  latter  circtmistance  should  be  taken  into  ac¬ 
count  and  the  waves  should  be  played'  on  'the  plate  only  for  one  kind  of 
direction  of  direct  cxirrent. 

In  order  to  reduce  the  wear  of  the  vibrator  or  other  source  of 
the  variable  field,  it  is  useful  to  include  its  feeding  alternating 
current  only  for  several  seconds  at  the  start  of  each  coir^iletion  of 
the  direct  current,  for  which  there  is  a  special  switch  on  the  axis 
of  the  commutator  (Fig  l). 

The  operation  of  the  coherers  under  the  indicated  conditions 
has  the  following  characteristic.  In  ordinary  shakers  of  old  radio 
receivers  it  is  possible  to  use  coherers  of  the  greatest  sensitivity. 
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the  conductivity  of  wb.ich  lies  on  the  liniit  and  disaopcsrs  only  after 
sever sa  imoacts'  of  the  shaker.  Actually,  'tbe  coherer  gives  the  signal 
and  the  shaker  operates  \intil  there  is  an  unstable  condition  of  the^ 
shavings,  x/hich  disamsars  under  th^  weakest  action  of  electrical  vi¬ 
brations.  Under  real' conditions,  vre  select  coherers  of  great  strength, 
of  the  order  of  ^20  volts,  according  to  the  rdeasxjrements  Ipr  il.  G.  Ohenir 
yavskava,  so  that  in  tlie  absence  of  vibrations,  the;^'’  should  not  give 
any  spots  on  the  paper.  Hence,,  it  is  necessaip*  to  oxidize  tiie  shavi^s. 
Ihe  initial  condition  of  such  coherers  is  far  from  stable  and,  for  this 
reason,  their  S9nsitivd.ty  is  considerably  lass  than  tnc  ordinary. 

Besoite  ‘bliis,  it  is  possible  to  make  photographs  using  waves 
of  insi;;niftcant  energ"  and  to  obtain  linages  of  varioxie  objects,  in 
particular  to  obtain  a  “photograph"  of  the  diffraction  spectrum  of  tue 
elect-voTiapnetrlc  waves.  Such  photographs,  fomed  by  dots,  can  be  call¬ 
ed  stictograps  and  the  method  itself  —  stictof ranipr  (from  t>»e  Greek 
ctx>}t.TSfr  —  speckled  vri-th  spots). 


2.  oources  of  Waves 

Three  types  cf  tl;e  vibrator  with  spark  excitation  were  used  in 
the  experiments  described  below. 

in  one  case,  it  consisted  of  tv;o  cones  7  (Fig  1)  positioned  on 
glass  horns  of  two  tubes.  Tne  cones  had  on  the  apex  rounded  heads  bj’ 


i^ans  of  whicn  the^r  ware  thsrust  into  two  diametrically  opposite  points 
ijnto.a  thin  mbbar  tu’se  containing  acetone  (7.  Arlcad'yev".  ZhRFKhO 
^Joximal  of  iussinn  F:r-sico-Ghemical  Society/*  W-b  165,  191??^.  d. 
■'-hys.  56,  IX',  - 

The  secor."'  t'yie  represents  two  small  c'^ljncters  screwed  into  an 
ebonite  f rane,'  seci-red  ’.dth  shellac  at  the  ends  of  two  glass  tubes. 

All  is  placed  5ji  a  third,  >rider  tube  about  10-12  millimeters  in  diame¬ 
ter  and  filled  wilh  kerosene  (7.  Arkad'yev,  Zh.H.F.Eh.O. ,  ii5,  it6, 
3X^13,*  Am.  d,  Ibys.,  )j5,  133,  IPlU.). 


-  The  t”pe  of  vibrator  (Lebedev)  consisted  of  two  brass  cj?’!- 

inders  secured  by  sliel3.ac  in  the  ends  of  two  glass  tubes  on  the  axis  of 
a  p.''rabol:,'.c  Mirror,  'ibe  vibrator  and  mirror,  located  horizon  tally, 
v/ere  ijn‘!7’^rc;evi  in  kcroreiiee  The  oinevf'.ed  vsriicaJ.l;’''  untfard. 


The  described  leLbrators  produced  wavers  25-100  mil-limeters  in 
length,  rnev  were  fed  from  a  small  Tesla  transformer  w*hich  (;.ave  two 
feeding  sparks  in  the  air  2-it  millimeters  in  length.  In  the  primary 
circuit  of  the  Vesla  trat'sformer,  the  spark  gap  was  formed  by  four 
n3.»tes  of  the  erctinotion  spark  (leshfunken)  discharger  from  raedical 
equiment  for  diatherrrjv. 


3»  Photo graohs 

1.  shOT/s  the  recording  of  the  Inage  of  the  Hertz  dipole. 

The  concat'3  mirror  T'  (Fig  1)  vrith  a  rad  jus  of  cnrvatttre  of  25  centi¬ 
meters  and  a  diameter  of  30  centimeters  pro  ejects  the  vibrjitor  V  on  the 
paper  F’.  Tiie  ontical.  a.d;histment  of  the  axes  and  the  adjustment  for 
focus  are  accooT'lj.shed  optically  )yr  noans  of  tiie  light  of  feeding 
sparks  ff.  ... 


Ihe  distance  /D  from  the  vibrator  to  its  inage  was  62  millime¬ 
ters.  T<i.e  screen  serves  for  the  protection  of  t-ie  seiisitive  screen 
P  against  the  dli’ect  action  of  the  waves,  Tlie  length  of  the  vibra¬ 
tor  was  12  milljjDeters  and  the  wavelength  was  about  four  centimeters. 
The  image  of  the  vi.brator,'  formed  bjr  the  Hertz  waves  emitted  by  it, 
is  shown  in  Fig  2  b"'  means  of  spots  of  the  dar)ceni.ng  of  the  screen 
at  the  noints  of  contact  of  the  reacting  detectors. 


It  follows  from  the  theory  of  diffraction  that  the.  image  of  a 
luminous  point  in  the  focal  olane  of  an  astronomical  tube  represents 
a  ci.rcle  of  brigiifness  which  decreases  raoidl;'’’  to'uard  tlie  edges  and 


is  surrounded  In’-  a  s”s-i.;em  of  diffraction  rings  cons i-cfer ably  less 
bright.  *7e  shoJJ.  designate  the  radius  of  the  ooening  of  the  objec¬ 
tive  b”-  r,  its  focal  di.stance  enr  1,  the  wavelength  bv  4  and  by  i’'  the 
distance  of  tne-noint  under  consideration.  Inning  in  thp  focal  plane. 
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from  the  focus,  v/e  shall  introduce 

2  3^r 

«  “  TT 

The  illujhination  in  different  points  of  a  diffraction  iniage  will 
be  designated  by  E  and  the  ill\BTd.nation  in  its  center  by  Eq.  The  fol¬ 
lowing  table  lists  the  values  of  B/B^  for  different  n  (N.  M.  Kislov. 
Theory  of  optical  instruHients,  page  53,  Moscow,  1915.  )t 


Table  1 


/t 

r~n 

1  ®  ! 

x 

1.6 

7 

2,2  2,7 

3^ 

3,8 

j  sJ* 

E 

:  E, 

1 

01,7745 

0,5075 

i 

0,3336 

i 

0.7554 1  0,1ms 

\ 

i 

0^865; 

I 

dOOO  j 

OJOI74 

VI 

\ 

OAMI 

0,7134  j 

! _ i 

0,5767 

1 

i 

0^1033 

4-0,0007  ! 

-’0,1520 

i/e  sea  from  this  table  that  the  brightness  of  the  spot  decreases 
to  half  for  the  distance  determined  b:^r  n  ■  1.6  when 


l»0^5SX 

It  changes  into  zero  when  n  ■  3*8  when 

\  • 

At  the  Raxiirami  of  the  first  diffraction  ring,  when  n  •  $.2,  it 
amotmts  to  less  than  tvio  percent  of  the  brightiiess  in  the  center,  while 
the  sjTOlitade  is  eoual  to  13  percent  of  the  amrilitude  in  the  center. 

Ihe  diameter  of  the  central  srwt  2£  is . deternined  by  the  speed  of  the 
objective  2r/f.  Taking  as  the  vriLdth  of  the  spot  that  diemeter  at  the 
ends  of  ^■^hich  the  energy  falls  to  half  (S/E^  “  O.i?),  it  can  be  deter¬ 
mined  that  : 


A 


(1) 


We  see  that  the  vddth  of  the  image  of  the  noint  depends  on  the 
wavelength  and  eoesd  of  the  objective  and  does  not  depend  at  all  ob 
its  dimensions.  In  photographic  objectives  and  astronomical  tubes 
r/2r  is  frecuently  of  the  order  of  5j  for  this  reason,  tl/ey  give  an 
image  cf  the  point  vnlth  a  wid«i  A  -  7A .  Let  us  assume  that  formula 


i 
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# 


. .  5':m 

.  ■  Fig.  2 

(1)  as  a  first  approxiination,  is  applicable  also  in  our  case.  This  is 
equivalent  to  the  assumption  that  the  threshold  of  sensitivity  of  the 
plate  is  E  =  0.5  paragraph  U.  For  the  width  of  the  image,  we 

find  „  .  ■  ■ 

...  1  A=.l,4.4.g  =  4,7 

This  is  not  in  poor  agreement  with  ejcperiment  (Fig  2)  where  the 
central  spot  is  suirrounded  by  a  ring  of  points.  Fig  3  shows  a  summary 


Fig  3 

photograph  obtained  by  the  superposition  on  one  another  of  ten  such 
photographs.  In  order  to  investigate  the  distribution  of  the  density 
of  the  points  along  the  radius,  the  central  spot  was  divided  into  con¬ 
centric  zones  with  circles  of  radi.!  equal  to  I4,  8,  12,..  millimeters, 
the  center  of  which  was  in  the  center  of  the  optical  image  of  the 
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dipole,  .'  inie  nuitiber  of  points 
of  each  wave^  ditrided  by  its 
areaj  is  shovm  in  Fig  ij.  by  a 
solid  line.  -The  dotted  line 
represents  the  distribution 
of  the  energy -in.  accordance 
with  the  theory  of  optical 
diffraction  from  the  cir^- 
cular  opendjnjg,  on  the 
sumption  that /I  *  3,8  ceh^ 
timeters.  In  order  to 
clarify  the  uniformities  of 
the  illumination  of  the'' 
zones  in  the  different  azi¬ 
muths,  each  zone  was  divided 
into  18  sectors  of  20  de- 


Fig  h 


grees  each.  Bj''  calculating  the  density  of  the  small  spots  in  each  sec¬ 


tor  of  a  zone,  it  is  possible  to  obtain  curves  of  the  distribution  of 
the  density  along  the  azimuths  (Fig  b),  where  the  relative  density  is 
plotted  along  the  radii. 


lichen  the  paper  and  the  coherers  lying  thereon  were  positioned 
perpendicular  to  the  axis  of  the  vibrator,  no  traces  of  the  action  of 
the  coherers .  were  detected.  This  indicates  a  weakness  of  the  perpen¬ 
dicular  component  of  the  electrical  vectoi*  in  the  image  of  the  dipole. 


Photographs  2-3  and  their-,  proc¬ 
essing  were  accoit^lished  by  A.  M,. 
Morozova. 

2.  Fig  5  shows  a  cross  section 
of  a  bundle  of  rays  of.  electromagnetic 
waves  emanating  from  a  horizontal 
Hertz,  mirror.  The  rays-  are  intersect¬ 
ed  by  a  sensitive  screen  which  is  at  a 
distance  of  Ih  millimeters  from  the 
axis  of  the  mirror.  A  reproduction  of 
the  resulting  fig:\ire  is  shown  in  Fig  6. 
By  placing  in  the  .path  of  the  rays  a 
Fig  5  paraffin  lens,  the  cross  section  of  the 

btindle  becomes  considerably  narrower 
(Fig  7).  At  a  distance  of  17  and  22  centimeters,  the  photographs  were 
alike. 

3.  Fig  8  shows  the  distribution  of  the  instruments  for  photo¬ 
graphing  the  diffraction  spectra.  For  this  purpose,  a  diffraction 
grating  consisting  of  metallic  strips  25  millimeters  iri.de  and  situated 
25  millimeters  from  one  another  was  placed  over  the  lens.  Pig  8  shows 
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the  resulting  points  iviiich  represent  one  spectrum  of  aero  order  and  two 
spectra  of  the  first  order.  Straight  lines  are  dra\m  tlirough  the  re- 
salting  points j  beca.UEe  of  such  hatching,  the  spectra  of  the  different 
orrters  appear  clearer  and  the  different  illumination  in  the  different 
locations  of  the  plate  appears  more  vivid. 


•  ■ 


•  «• 


•  • 


•  * 


•  •  •••  •  *  ♦ 

•  •  #.  •  ^  m 


J  I  •  *:•  * 
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\jLy' 

Pig.  6 

ihe  distance  2S  between  the  middle  of  the 
right  and.  Is3?t  spectra  amounts  to  25  centimeters, 
the  distance  c.  from  the  grating  to  the  sensitive 
screen  is  17.5  centimeters.-'  The  period  of  the 
grating  a  =  5.0  centimeters.  -Since 


a  $m  s  ^  a 


then 


For  tiie  ratio  of  the  iiraveleiag-th  to  the 
length  of  the  -vd.bratcr  1  ■  7  millimeters,  we  ob¬ 
tain  •i.n  this  case 


—  »4  1 


••  :•  . 


•• 

••  • 

•f  . 

•  ••  • 

•  •  • 
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Fig  7 
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Fig  8 


The  vibrator ■ which  Is  in  the. air  has  for  such  short  waves  a 
"h/l  of  about  tlirbe  (V.  Arkad’yev.  Zh«R«F.Kh.O.  i|i|.,  165,  l?l2j  Ann.  d. 
Phys.  58,  105,  1919,  Table  Ij  see  also  F.  F*  Nichols  and  J,  D.  Tear, 
Phys.  Rev.  21,  587,  1923*).  In  this  case,  it  is  immersed  in  . 

kerosene  and  for  this  reason,  the 

ratio  A/l  «  I4..I,  close  to  3  •  VT  is  quite 
acceptable. 

ii.  The  next  three  ;^hotographs  rep¬ 
resent  a  shade  of  an  iron  strip  27.5  mil¬ 
limeters  mde,  secured  directly  \mder  the^, 
eboni-te  plate  of  the  sensitive  screen. 

Fig  9  shows  the  shade  "of  a  strip  situated,, 
parallel  to  the  electrical  vector  of  the  ' 
waves  wh3.ch  emanate  from  .the  horizontal 
Hertz  mirror  (see  Fig  6)..  As  we  see,  the 
shade  in  this . case  has  a  width  of  31  • 

millimeters.  ‘  ■  '  •  ’  ,  Fig  9 


In  Figs  10  and  11  the  electrical  vector  is  perpendicular  to  the 
axis  of  the  strip.  Fig  10  was  obtained  by  means  of  detectors  13  milli¬ 
meters  in  length,  while  in  Fig  11  the  detectors  had  a  length  of  eight 
millimeters.  This  determines  a  much  finer  photograph  and,  for  this 
reason,  the  width  of  the  wave  shade  was  obtained  closer  to  the  dimen¬ 
sions  of  the  geometric  shade  —  22  millimeters  instead  of  21  millime¬ 
ters.  I  ■ 


'  5.  The  shade  of  a  coin  33  millimeters  in  diameter,  cemented 
underneath  the  ebonite,  is  veiy  weak.  The  key  from  an  American  lock 
acts  stronger  (Fig  12).  The  geometric  shade  of  the  key  is  outlined 
in  the  figure. 
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Fig  10 


Fig  11. 


6.  Pig  13  shows  the  shade  of  a  U-shaped  glass  tiibe  filled  with 
water  and  applied  to  the  rear  side  of  the  sensitive  platej  the  dis¬ 
tance  from  the  source  was  equal,  to  ten  .  . 

centimeters.  Ihe  figures  show  the  di-  -  r 
rection  of  the  electrical  vector  of  •  i  '  '  i 

the  waves.  '  .  i  f*--®— i  i  j 

I  11  I  I  r  - 


.  v:  •*.' u*jc**«*  f 

••  *  V.  ?. 

•  •  *  •••  • 

*  1  •  * 


•  t  ♦ 


Fig  12  ;  Fig  13 

7.  Ihe  shades  of  the  hand  of  a  woman  and  of  the  hand  of  a  man 
are  reproduced  in  Fig  iXi,.  The  hand  was  placed  under  the  sensitive 
plate.  The  wavelength  of  the  Hertz  rays  in  this  e2q:>eriinent,  just  as 
in  the  preceding  ones,  ifas  2,9  centimeters.  These  photographs  do  not 
lay  claim  to  accuracy.  The  fundamental  possibility  of  obtaining  such 
shades  is  of  importance  Kei’e,  Because  of  the  lai'ge  wavelength,  the 
outlines  of  the  fingers  are  hardly  noticeable. 

8.  Besides  the  cited  photographs,  diffraction  linages  were  ob¬ 
tained  which  were  formed  by  a  concave  mirror  having  the  form  of  a 
right  triangle.  The  resulting  spot  had  approximately  the  same  dimen¬ 
sions  as  from  a  round  luirrorj  its  form  was  soraevrhat  indicative  of  a 
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triangle.  An  image  was  also  obtained  from  an  asjnfametric  Hertz  vibra¬ 
tor  irtiich  consisted  of  two  unetjual  sections  s  on  one  half  of  the 
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vibrator  (Fig  1)  was  placed  a  light, copper  tube  about  four  centimeters 
long  with  a  small  flag  at  the  end,  ■  The  resulting  image  consisted  of 
two  superposed  spots  of  earlier  size.  This  indicated  that  emission 
proceeded  from  the  ends  of  the  vibrator  ai^  that  the  araitted  waves  had 
the  earlier  small  length. 


9.  The  method  of  coherers  meJces  it  possible  to  record  also 
electidcal  fields  of  high  frequency.  Under  the  parallel  wires  of  the 
Leher  system  in  which  standir®  waves  are  excited  there  is  a  long  sen¬ 
sitive  electrochemical  plate  with  long  edge  electrodes  parallel  to  the 
wires.  The  coherers  are  at  a  distance  of  several  centimeters  from  the 
wires.  In  the  antinodes  of  the  waves,  they  leai^e  spots  on  the  paper. 
At  the  nodes,  the  paper  does  not  tuin  dark.  Photographs  of  such  a 
type  were  reproduced  without  difficulty  with  an  instrument  for  stand¬ 
ing  waves  in  wires  in  accoidance  with  Djrude  and  using  a  Blondlo  vi-^ 
brator.  The  waves  had  a  length  of  7$  centimeters  (observations  by  - 
7.  N.  Azniyev). 


U*  Practical  Applications 

In  the  practice  of  research  laboratoides  the  described  method 
of  coherers  can  find  the  most  diverse  applications  in  the  field  of 
long  waves  as  well  as  very  short.  This  method  can  be  used  to  inves¬ 
tigate  phenomena  of  diffraction  of  Hertz  waves  during  their  passage 
near  different  bodies,  which  can  be  used  for  the  solution  of  prob¬ 
lems  of  the  distribution  of  high-frequency  fields  and  rays  in  radio 
engineering,  in  problems  of  the  application  of  xiltrashort  waves  in 
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medicine  for  the  study  of  the  penetration  of  the  fields  of  meter  waves 
into  the  human  organism  and  many  others. 

The  de, scribed  method  is  the  only  means  of  grapliic  reproduction 
od  the  centers  of  electromagnetic  radiation  in  co^t^ilex  vibrating  sys¬ 
tem,  so  to  say^  the  means  of  the  perception  of  the  sources  of  the 
Pointing  vector,  fhis  confirms -the  described  experiment  with  the  a- 
s^amiretric  vibrator  which  radiates  with  its  ends  the  energy  of  its 
overtones.  The  method  of  chemical  recording  of  electromagnetic  radia¬ 
tion  makes  it  possible  to  "photograph**  the  spectra  of  Hertz  rays  just 
as  we  Photograph  light  a;-id  ultraviolet  spectra. 

X-rays  make  it  poBsible  to  distinguish  withjn  bodies  the  por- 
tions  which  differ  in  density,  for  example  the  bones  or  metals  within 
the  tissues  of  an  organism.  In  order  to  detect  bodies  of  the  sasie 
density,  for  example  paraffin  in  water  or  water  inclusions  in  paraf¬ 
fin  or  in  oil,  x-rays  are  of  little  use  or  no  use  at  all.  In  these 
cases,  in  order  to  detect  bodies  which  differ  in  electrical  pronsr- 
ties,  use  can  be  made  of  Hertz  waves  several  centimeters  in  length, 
which,  if  the  detectable  bodies  are  not  very  small,  can  give  on  a 
chemical  screen  shades  similar  to  images  given  by  x-rays  on  a  photo¬ 
graphic  plate.  By  this  method  it  is  possible  to  reveal  in  dielec¬ 
trics  hollow  snacss  or  metallic  bociies.  This  method  snakes  it  pos¬ 
sible  to  speak  about  the  detection  of  defects  in  dielectric  shapes 
such  as,  for  exairr^ls,  carbplite,  ebonite,  or  porcelain  insulators, 
castings  of  naraffin,  etc.  It  can  serve  also  for  detecting  layers  of 
water  in  barrels  xmh  oil,  tar,  confound,  etc.  So  far,  it  has  been 
demonstrated  thrit  this  method  is  applicable  for  laboratorv  work,  ¥ith 
further  development,  it  can  find  application,  first  of  all,  in  those 
cases  in  which  x-rays  cannot  be  used.  In -comparison  with  these,  it 
has  a  great  advanta-ge  as  regards  simplicity  of  application  and  3.ow 
cost  of  the  apparatus:  all  operations  are  conducted  in  the  light, 
while  the  soxirces  of  energy  are  extremely  simple:  induction  coil  which 
gives  30  kilovolts  and  direct  current  of  several,  hundred  amperes  with 
*1.0  volts  (Par  1).  ■ 

Fig  13  shows  uniform  illumination  of  the  plate  by  rays  of  the 
vi.brator  which  produces  waves  three  centimeters  long.  The  waves  passed 
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along  the,  aads  of  a  solid,  continuous  paraffin  cylinder  centimeters 
high  and  16  centimeters  long.  When  a  hollow  space  four  centimeters  in 
dj-ameter  was  ma.de  in  the  C3r’linder,  a  shade  was  obtained  as  sho^’jri  in 
Pig  16,  Fig  17  shows  the  shade  of  the  same  hollow  space  containing 
water. 


5.  Theoretical  Premises  of  the  Method 
A.  Difference. of  Potentials  Within  the  Coherer 

When  the  coherer  is  in  a  variable  electrical  field,  then,  if,  its 
extinction  from  contact  with  a  moist  paper  is  not  exce-ssilrely  large,  it 
can  resonate  on  the  electrical  vibrations |  the  length  of  their  wave  is 
close  to  the  double  or  triple  length  of  the  coherer,  if  it  resonates 
with  a  basic,  .frequency.  Resonance  with  overtones  is  also  possible. 

In  case  of  resonance,  the  charges  aimed  at  the  ends  of  the  de¬ 
tector  can  be  greater  than  those  which  are  aimed  in  more  slowly  chang¬ 
ing  (quasistatic)  fields. 

(a)  In  the  last  case,  the  charges  caji  be  approximately  calcu¬ 
lated  as  the  electrostatic  induction  on  two  spheres  connected  i^ith  a 
long  thin  mrei  up  to  the  breakdown,  the  wire  in  the  middle  is  cut  ^d 
closed  on  the  condenser  of  capacitance, G,  which  represents  the  capaci¬ 
tance  of  the-  shavings -covered  gap 'between  the  electrodes  of  the  detec¬ 
tor  (Fig  18)  <■  The  capacitance  of  the  spheres  represents  the  external 
capacitance  of  heads  of  the  rivets  of  the  detector,  which  we  shall  as¬ 
sume  equal  to  their  radius  r.  Let  the  quantity  of  electricity  aimed 
at  the  spheres  be  qj  thl.s  same  quantity  q-is  directed  at  the  condenser^ 
for  this  reason,  the  difference  of  the  potentials  of  the  spheres  is 
q/C.  The  charges  aimed  at  the -spheres  reduce  to  this  value  the  dif¬ 
ference  of  potentials  TJ,  which  'in  the  absence  of  the  spheres  was  in  two 
points  of  the..field,  at  a  distance  equal  to 
the  distance  of  the  centers  of  the  spheres 
a.  If  the  voltage  of  the  field  is  E,  then 
this  difference  of  the  potentials  is  U  »  aJS. 

¥e  shall  assume  for  the  simplicity  of  the 
calculation  that  the  surface  of  the  zero 
potential  passes  through  the  middle  of  the 
distance  between  the  spheres.  The  poten¬ 
tial  at  the  place  of  the  given  sphere  U/2 
is  compensated  to  q/2C; 

(1)  by  the  potential  of  the  charge  of  the  given  sphere  q/r; 

(2)  by  the  potential  of  the  charge  of  the  adjacent  sphere? 

(3)  b^r  the  potential  of  the  charges  of  the  dipole  q*, .aimed  at 

the  adjacent  sphere.  ^ 


13 


The  dipole  charge  of  the  sphere  from  each  of  its  side 


where  k  is  the. susceptibiliter  of  the  form  of  the  sphere  (V.  K.  Ar- 
kad'yev.  Slectromagmetic  processes  in  metals,  part  1,  page  132,  Mos¬ 
cow,  equal  to  is  its  cross  section  and  E'  «  E  +  volt¬ 

age  of  the  field  ■Droduced  by  the  adjacent  snhere*  The  positive  charge 
of  the  dilpole  is  from  its  negative  charge  at  a  distaiice  of  2/3  2r*  The 
pot-ent^.a],  xn  tae  fxeld'  of  the  given  sphere  of  the  dipoles  increases  by 


For  this  reason,  the  potential  of  the, given  sphere  is 


Prom  this  we  find 


•T— + 


1+2 


r*  e 
7T 


Disregarding  the  second  member  in  the  numerator  and  assuming 
2/c  «  2/r  -  2/a,  we  find 


✓ . 
«= 

\ 


£a 


Hie  difference  of  potentials  between  the  electrodes  of  tiie  detec¬ 
tor  we  find  equal  to 
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It  follows  from  this  that  the  inaximum  difference  of  potentials 
is  equal  to  Ea  when  C  — >  0. 

■  Resenting  G  in  the  form  where  «  is  the  area  of  contact 

of  the  shavings  and  4  is  the  thickness  of  the  insulating  layer  of 


oxides,  we  find 


i/e  are  interested  also  in  the  average  concentration  of  the  lines 
of  force  on  the  surface  of  the  spheres,  which  can  be  regarded  as  the 
permeability  of  the  form  of  the  detector 


_ 


If  tbs  internal  capacitance  of  the  coherer  is  very  great,  then 


where 


Taking  into  consideration  that  the  concentration  of  the  lines  of 
force  on  the  right  and  'left  -  side  of  each  sphere,  talcen  separately,  is 
eonal  to  its  perneability  ojf  form  3,  we  find  the  concentration  of  the 
lines  of  force  on  the  external  side  of  the  spheres  of  our  niodel  . 

mj^  ■  m  +  3 

and  on  the  internal  side 

m2  »  m  -  3* 

(b)  2ie  magnitude  of  the  internal  difference  of  the  potentials 
can  be  caiculated  a3.so  if  the  detector  is  likened  not  to  a  pair  of 
spheres  but  to  a  cylinder  or  ellipsoid  having  a  susceptibility  of  form 
k.  We  assvDiie  that  the  cylinder  is  cut  in  the  middle,  perpendicular  to 
the  axis  where  there  is  a  slot  of  canacitance  C  and  width  $  »  C  is  so 
great  that  the  distribution  of  the  charges  on  the  cylinder  did  not 
change  its  depolarizing  coefficient  N.  However,  the  slot  reduces  the 
polarization  of  the  cviinder  in  such  a  manner  that  the  difference  of 
the  potentials  B  which  appears  on  the  halves  can  be  equated  to  the  in¬ 
ternal.  difference  of  the  potentials  between  the  poles  of  the  cylinder 
of  the  dielectric  with  a  certain  dielectric  permeability’’ 

By’’  designating  in  such  a  cylinder  the  internal  field  by  and  the 
distance  be-fcween  the  poles  by  a’,  we  find  '  ,  In  the  case  of  an 

alliosoid,  a' as  2  a/3  'while  in  the  case  of  a  cylinder,  By 


designating  the  surface  density  of  the  charges  v/ithin  the  slot  by  I, 
we  find  that  in  the  conducting  cut  cylinder  a  — Ixi  an  equivalent 

dielectric  cylinder,  /«£,*”  Hence,  .  Tm  susceptibility  of 

the  body  of  a  cylinder  is  . 

ft*. 

or 


m  ■ 


:4%*. 


Here,  m  ,is  the  perineability  ,of  the  foiaa  of  a  pierced  coherer, 
i*  s.,  tna  ’extcmt  .of  concentration  therein  of  the  elec&rical  lines  of 
force  when  it  is  situated  in  a  luiiform  field  parallel  to  the  latter,  m 
is  dsterTtixnea  from  tna  relative  length  of  the  coherer  1®=*/^  and  increases 
together  with  it.  vie  determine  m  from  special  tables  pai’talning  to 
r:ayn~Gorav'T.r2.c  coefficients  w  of  the  cylinders;  thaj'"  are  close  to  m  of 
the  elliosoicls.  For  a  relative  length  of  the  detector  c  ,  approximately 
eoual  to  t'lree,  its  m  amounts  to  about  ten.  For  this  reason,  its  sus- 
ceptiliility  of  the  body  is  close  to  its  susceptibilitjr  of  the  form 
k:  in  other  words,  the  'narrow  slot  *Ca//jiin  the  cut  cylinder  decreases 
only  insignificantly  the  charges  aimed  at  it. 


charge  on  each  half  of  the  detector  in  the  field  E  is. 

Tlie  difference  of  the  coten- 


where  s  is  its  cross  section. 


tials  is 
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m  --  . 


,'e  see  that  in  both  cases  considered  (uair  cf  splieras  and  cyl¬ 
inder)  the  potential  J  will  be  greater  the  greater  the  length  of  the 
coherer,  the  greater  the  thickness  of  the  layer  of  o;d.;:es  and  the 
£5ria3.1ar  o'  ,  i.  e.,  the  transverse  cross  section  of  the  shavings  be- 
ti'feen  its  electrodes.  The  greater  this  potential  and  the  smaller  the 
■disruntive  potential  of  the  coherer  u,  the  more  sensitive  it  is. 


3.  Distribution  of  the  Current  near  the  Detector 

D'e  shall  exajiine  an  active  detector,  i,  e.,  a  detector  vrith 
electrodes  from  Hffei'ent  metals.  It  can  be  imagined  that  the  area  of 
the  contact  of  the  electrodes  with  the  paper  is  lii^iited  by  circles  of 
small  radius  p  ,  .'hich  are  at  a  distance  of  a.  from  one  Another,  great  in 
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cojT^airison  td-th  ,  The  resistance  of  ths  detect-oi’  itself  R^j  is  not 
|Teat,  for  this  reason,  almost  the  entire  dif.  erence  o?  potentials  is 
frecuentlr  .applied  on  the  resistance  of  the  adjacent  section  of  the 
sheet  of  paper,  'ihe  letter  is  calculated  fi-om  an  e:':.'^::,d.nation  of  the 
d.istr5.bution  of  the  lines  of  the  potential  and  density  of  the  current 
in  the  sheet  of  naner.  problem  reduces  itself  to  tl^i  solution  of 

the  plane  problari)  of  .findin?.'  the  integral  of  the  Laplace  equation  and 
coincides  ./ith  the  problem  of  the  electrostatic  field  between  two 
parallel  wires  (A.  A.  Smurov.  High-voltage  electrical  engineering, 
nape  33,  193<;.).  '-Je  shall  call  this  probiem  the  problem  of  the  plane 
dipole*  The  resistance  of  the  paper  on  which  the  dipole  lies,  for  a 
small  p  ,  is  ecual  to  • 


where  /  is  the  specific  electric  copduct- 
ivi.ty  of  the  >a“>er  and  g  is  its  thickness. 

'■fae  current  in  the  active  detector  is 

where  3  is  its  electromotive  force. 


The  lines  whoxh  show  the  direction  Fig  19  . 

of  the  current  and  the  dlstribu-tion  o.f  the 

potential  are  shown  in  .Fig  19.  .  Tlie  first  irepresent  ths  circ3.es‘ which 
rest  on  tiro  points  l::;’lnp  i-iitiiin  the  circles  of  contact  of  the  elec¬ 
trodes  with  the  naner.  Fne’  equipotential  lines  are  essentially  the 
circles  which  have  as  a  diameter  the  distance  betuesn  the  fero  points 
harmonically  d5.--iding  the  distance  between  the  electrodes  in  an  in¬ 
ternal  and  ejctsrn.fi.  •:.i?r!.ner.  Ilie  line's  of  ectia.l  .iensity  of  cxiri^nt 
are  essentiallrj’  lemniscates.  '  At  a  great  distance,  idie^r  encompass 
both  contacts.  Xf  »>(>■■,  which  always  talces  place  in  otn*  case,  at 
sma^-l  distances  the  Temniscates  brealc  dovm  into  two  egg-shaped  curves. 


.Then  wb  have  a  passive  detector,  i.  e.,  a  detector  with  elec¬ 
trodes  from  liice  metaJ-s,  then  we  are,  first  of  all,  interested  in  the 
electromotive  force  3  betoieen  the  noints  of  the  paper,  whi.oh  are  at 
a  distance  of  t!ie  slectirobss  of  the  detectoi’.  3^f  the  densil^/  of  the 
current  in  the  paper  is 


where  I  is  the  current  in  the  sheet  of  paper  of  uidth  o  and  thickness 
^  ,  then 
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In  order  for  the  current  to  pass  through  the  detector,  this 
magnitude  sho^d  be  greater  than  the  electromotive  force  of  polariza** 
tion  of  the  electrodes 1 3^,  because  otherwise,  the  electrolysis  will  not 
take  place.  Its  speed  and  the  speed  of  formation  of  the  spots  will  be 
gres-ter  the- greater  and  the  GU3n*ent  in  the  detector  i. 

In  the  paper  at  the  electrodes  of  the  passive  detector,  because 
of  its  small  resistance,  the  difference  of  potentials  is  eoual  to  the 
electromotive  force  of ’polarization  Hence, 


3  —  3, 

TTra' 


Hus  means  that  the  current  which  causes  electrolysis  at  the  electrode 
increases  with  the  density  of  the  current  of  the  battery  J  and  the 
length  a  of  the  detector. 


The  picture  of  the  field  in  the  case  of  the  passive  detector  is 
obta^ed  by  the  superposition  of  the  active  detector  on  the  tiniform 
field  of  density  of  the  exteraal  current,  fig  20  shows  such  a  diagrait, 
constructed  by  A.  Kizel'  in  accordance  ^rith  Hax^rell  method  by  adding 
the  potentials  tn  different  points  (7.  A.  Kizel’.  Zh3TF  /Journal  of 
Expertmental  and  Theoretical  Physics^,  in  print.).  The  photogrf^>h  of 
an  active  field  of  the  detector,  lying  on  the  papei*,  was  obtained  by 
Panasenkov  in  accordance  with  the  Zinger  method  (A»  Zinger.  ZS‘.  d.  Ph. 
u.  Ch.  Unterr.  13,  336,  1900.  I  am  indebted  to  professor  A.  I.  Bachin- 
skiy  for  the  reference  to  tfiis  work  by  A.  7.  Zinger.  The  study  of  the 
method  bv  k,  7,  Zinger  is  dealt  with  in  a  special  investigation  by  F. 

F.  Panasenlcov.  ZhSTF  6.  Ii57.  1936.).  '  ' 

In  order  to  cal.culate  the  field  near  the  passive  dipole,  we  shall 
examine  the  electrostatic  problem  of  two  paral3.el  cylinders  connected 
electrically  and  introduced  into  ^  uniform  electrical  field  E  (An  an- 
alogous  prob.lera  for  tvro  spheres  was  solved  by  A.  A.  Petrovskiy.  Izv. 

I «  ?r .  CTeofiziki  ’/ZHKh  ^evfs  of  the  Institute  of  Applied  OeophysicF  of 
the  Supreme  Soviet  of  the  National  Econor^;/,  No  1,  1925,  No  2,” 1926,). 

4t  a  distance  a,  there  is  action  by  the  difference  of  potentials 
d  =s  £a  'sdiich  is  neutralized  by  the  charges  aimer^  onto  the  cylin¬ 
ders;  the  charges  give  the  difference  of  potentials  where 

C'"l/(4lna/rt  the  capacitance  between  the  cj^iinders,  wiS.'jh  is  at 
one  centimeter  of  their  length.  Hence, 
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From  one  centimeter  of  the  length  of  the  positively  electrified 
cylinder  there  is  a  stream  of  electrical  lines 


For  a  case  of  two  disks  lying  on  moist  paper,  the  ctarrent  i 
passing  thrpugh  their  connecting  wire  is  ;  ,  hence, 

j  ^  ■ 

iB- 

■  r  .  ■  I  ■  ^ 

Noting  that  ^  is  the  density  of  the  current  in  the  paper  J,  we  find 


The  average  densiiy  of  the  ciirrent  on  the  circumference  of  each  disk  is 


Since  each  disk  individually  concentrates  the  lines  of  current 
twofold  (transverse  permeability  of  the  form  of  a  cylinder  (V.  Arkad'yev. 
Electromagnetic  processes  in  metals,  part  1,  page  135,  Moscow,  1935.) 
m  »  2),  then  the  density  of  the  lines  of  current  with  the  external  side 
of  the  disks  is 


and  with  the  internal 


3y  designating  this  coefficient  for  J  Irr  the  letter  nu  and  cor¬ 
respondingly  m2  we  find 


and 

1.  —  A  '■ 
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vhere 


On  the  basis  of  this  formuXai , it'  is  possible  to  calculate  the 
concentration  of  the  lines  of"  current,  for  a  plane  dipole  with  j  A 
shown  in  Fig  19  where  the  distance  ■be'bween  ■the  centers  of  the  dij^lee 
is  equal  to  lU  centimeters  and  their  -difiBneter  O.ii  centime'ters .  In  a 
uniform  field,  the  distance  between  the  lines  of  force  is  equal  to  one 
centimeter. 


in  Fig  19  the  dipole  encompasses  nine  lines  of  "the  field. 

The  field  formed  by  each  of  'the  cylinders  separately  at  a  dis 
tance  of  r  from  its  axis  is 


■V.  '!  a  p 

P 


Its  natural  polarization  (V.  Arkad'yev.  loC\  cit.  page  132,  equation 
(23U)  )  gives  from  opposite  sides  charges  for  one  centimeter  of  length 


which  for  large  r  can  be  considered  concen'fcrated  within  the  cylinders 
on  two  lines  which  are  at  a  distance  (?«  Arkad'yev.  loc.  cit.  page  132 
aquation  23k)  )  of  2/3* 2p  .  On  'the  nlane  passing  through  these  lines, 
the  field  is  equal  to 


approximately 


Substituting  q',  we  find 


Between  the ,  two  cylinders  the  field  formed  by  them  is  or* 

(This  same  formula  can  be  obtained  from  the  expression ‘of 
near  txfo  cylinders j  .X'fhich  ^as  derived  by  7.  A.  Kisel*  (equation  (11), 
loc.  cit.)  from  more  general  considerations  - also  for  any  "point  of  the 
plane  when  The  difference ? is.  exhausted  by  the  coefficient  .near 

the  parentheses,  which,  in  the- case'  of  Kizel’,  was  equal  to  one  instead 
of  ' 


In  the  middle  beteeen  the -cylinders,  x-fhen 

.For  the  case  ;^A^85£—£'=a  0.529  £.  ' 

The  field  beteeen  the  cylinders  is  equal  to  zero  at  a  certaiui 
point  i^;^;  ,  xriien  E'  +  E  «  0  and 

!  •  o»^'7  '  +  A  i 

8w  2,„ 

i  f  :  . .  .A . . 

^om  this  it  is  possible  to  find 


In  our  example  of  Fig  20,  it  is  possible  to  find  that  the  field 
between  the  electrodes  changes  into  zero  at  two  points;  r-i  =19*2  mil¬ 
limeters  and  r^^  »  121.8  millimeters.' 


0.  Graj-n  Size  of  Stictographic 
Photographs 

grain  size  of  the  photographic',  plate 
are  understood  the  dimensions  of  the  aggre¬ 
gates  of  the  dai’kened  small  crystals  of  silver 
bromide  vrhich  form  the  individual  ^oups. 

Each  small  crystal  has  the  size  of  about  one 
micronj  consequently,  it  is  two-three  times 
greater  than  the  length  of  the  incident  -wavej 
the  aggregate  of  the  small  crystals  which-  are 
in  chemical  contact  and,  for  this  reason,  si¬ 
multaneously  darkened  in  the  developer  has 
the  dimensions  of  hundredths  of  a  millimeter. 
For  this  reason,  the  boxmdary  of  the  resolving 


Fig  20 
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capacity  of  an  oi-dinary  photographic  plate  amounts  to  0.02  -  0.03  mil- 
lime ter s. 

'Ihls  tilde  is  distinguished  by  the  eya  at  a  distance  of 

clear  irj.sion  epusi  to  2C-30  centimeters  because  tha  resolving  force  of 
the  eye  Is  about  l/l;r00  radians  or  almost  two-minute  angle.  Thus,  the 
dimensions  of  the  aggregates  exceed  by  several  tens  the  wavelength 
which  causes  the  darkening. 

In  a  sensitive  layer,  the  individual  aggregates  lie  in  several 
rows  one  above  the  other  and  shield  partly  each  other  from  the  light 
rays  passing  through  the  negatives.  This  explains  wlp/"  the  plate  in 
dark  nlaces  can  sometimes  not  pass  light  at  all . 


Under  the  conditions  of  our  photographs,  which  were  made  by 
means  of  Hertz,  waves,  the  role  of  the  aggregate  which  absorbs  the  waves 
is  played  by  the  .coherer.  Its  dimensions  with  respect  to  the  length 
of  the  wave  are  not  great,  amounting' mostly  toA/3*  Consequently,  it 
is  relatively  smaller  than  a  crystal.  The  coherer  does  not  leave  on 
the  paper  a  Wack  equal,  to  it  in  size;  the  track  is  a  little  larger 
than  the  area  of  contact  of  the  electrode  with  the  paper  (circled-  0.6 
millimeters).  The  density  of  the  layer  of  our  photographs  is,  for  this 
reason,  vemr  small. 

In  photographing  large  parts  (large  shades  or  images),  the 
nhotograph  does  not  lose  accurac;^,  if  the  track  bn  the  paper  forms  an 
area  equal,  tc  or  even  greater  than  the  ■Dro;1ection  of  the  coherer  oh 
the  paner. 

Such  iragnified  tracks  are  sometimes  produced  by  us  intentional¬ 
ly  bv  f orminf;  'with  a  rubber*  stamp  round  spots  on  the  points  left  by 
the  detector  on  the  paper,  In  this  manner,  ws  find  it  possible  to 
cover  -with  a  color  the  greater  portion  of  the  papei*  iriLth  a  small  num** 
her  of  contacts  (Fig  lh)i  .  Ihe  photographs  obtained  up  to  now  are  small 
vrith  respect  to  the  area,  'amounting  'to  not  more  than  several  units  or 
tens  of  square  wavelengths.  In  ordinary  photography  such  photographs 
cannot  even  be  obtajjaed.  because  they  are  all  positioned  on  one  aggre¬ 
gate  o.f  cr;^tal.s  of  silvdr  bromide.  They  couil,d  be  made  only  on  very 
fine-grained  layers  such  as  the  layers  in  iiTiener  or  lApman  plates 
which  photographed  'bbe  standing  light  waves  that  'formed  within  'the 
layer. 


D.  Sensitometric  Chemical  Plate 

A.  coherer,  as  is  known,  is  a  very  sensitive  and  very  unreli¬ 
able  detector.  However,  this  is  a, quality  of  the  individual  coherer. 
In  this  case  ..e  are  :';aicing  use  of  several  coherers  siriultaneousDy  and 
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we  compel  such  a  group  of  coherers  to  act  repeatedly,  covering  the 
paper  mar^r  times  with  detector  spots.  Such  a  statistical  utilization 
of  the  coherer  makes-  it  possible  to  use  it  not  only  for  qualitative 
observations.  An  old  coherer  rejected  for  indJ-vidual  utilization  can 
again  appear  in  the  technique  as  a  statistical  coherer. 

We  shall  now  examine  the  quantity  of  spots,  i.  e.,  the  darken¬ 
ing  of  the  paper,  as  a  function  of  the  intensity  of  the  Incident  en¬ 
ergy,  i.  e.,  of  the  illumination  of  the  plate  by  Hertz  waves  S.  The 
darkening  of  the  paper  depends  on  the  number  of  spots  per  square, 
centimeter  of  paner.  •  Let  the  contact  spot  in  the  middle  have  an  area 
sj  sometiues  we  place  on  the  photograph  with  a  stajro  a  black  circle 
for  each  spotj  we  designate  its  area  also  by  s.  If  the  spots  are 
rare  and  one  -c5.rcle  does  not  touch  another,  then  the  darkening  of  the 
paper  will  be  determined  by  the  ratio  Ns/S«q,  whei^  N  is  the  number 
of  circles  on  the  area  of  the  paper  S.  We  wish  to  note  that  in  photo- 
paphic  sensitometr:,'  the  coefficient  of  darkening  0  of  the  photograph¬ 
ic  layer  (opacity)  is  called  the  ratio  of  the  brightness  of  the  sec¬ 
tion  without  decomposition  products  to  the  brightness  of  the  section 
with  decomposition  products;  for  a  small  q, 

o—  ==y:r7Si4-?* 

The  optical  properties  of  the  layer  are  evaluated  by  its-  opti¬ 
cal  density  which  is  taken  as  />=iigjoO. 

Since  •”  0  —  0,4343  ^  ^  1. . ,  gjj,jQ2  q '  s,  the 

density  is  =  0,43 

If  the  coherer  goes  into  action  under  the  influence  of  an  in¬ 
stantaneous  difference  of  potentials  Uq,  then  all  the  values  less 
than  Uq  do  npt  act  on  it;  the  greater  ' ones  act  just  as  the  maxirauin 
difference  of  the  potentials  we  shall  call  it  the  threshold  of 
the  sensitivity  of  the  detector.  Bach  detector  is  characterized  by 
its  threshold  Uq  which,  for  each  coherering,  can  have  different 
values.  Uxperience  shows',  however,  that  for  u  close  to  u^,  the  num¬ 
ber  of  coherering  detectors  during  the  time  of  the  photography  gradu¬ 
ally  increases  vrith  the  time  of  operation  of  the  vibrator,  which  in¬ 
dicates  the  influence  also  of  the  quantity  of  energy  of  radiation 
that  fell  on  the  paper.  For  this  , reason,  in  the  factor  Uq,  perhaps 
one  should  also  consider  the  energy  radiated  onto  the  detector.  We 
assume  that  these  values  of  Uq  are  distributed  between  certain  and 
U2  in  accordance  with  the  law  of  chance  and  that  the  probability  of 
the  appearance  for  the  given  completion  in  the  .given  coherer  of  the 
value  u  I's’ing  between  tiQ  and  +  du^  can  be  represented  in  the  form 
of  the  expression 
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P^-du^=^f{u^'du^ 

let  th® • illmiination  in  a  certain  section  of  the  sensitive 
p3.ate  be  it  corresi'onds  in  the  coherer  to  the  value  of  the  factor 
u.  f^or  larf  G  number  of  coherers  n  and  completions  m,  the  nuuiber  of 

cohererins’  ietectors  is 

tt 

N  ^nm  J' fiu^du^ 

0 

and  nlth  it  q  and  I),  is  a  function  of  u  which  has  the  shape  of  an 
inclined  curve  which  bends  to  the  abscissa  axist  Tliis  curve  is  made 
parallel  to  the  ajitis  xor  the  greatest  values  of  U2  which  can  only  be 
encountered  in  5.ndivid'aal  coherers. 

This  means  that  t?ne  density  D  or  the  measure  of  darkening  of 
the  plate  q  in  a  certain  region  u,  between  certain  u^^  and  u-j^,  depend 
linearl-''’  on  the  illumination  E;  for  small 
h’s  l-'’-ing  belcw  the  t'ni'eshold  u-j^,  the 
■elate  doss  not  change  •under  the  action  of 
illumination..  In  this  respect,  our  plate 
is  simx.lar  to  a  photogi’aphtc  plat®  which 
also  has  a  threshold  of  sensitivity.  In 
a  certain  rs<;  ion  u  and  correspondingly  E, 
vre  can  exa;ilne  the  dependence  of  D  on  S 
as  linear.  This  is  bhe  region  of  the 
proportional  increase  of  the  density  ■with’; 
the  illumination.  In  this  region,  which 
in  photograph^'  is  called  the  -width  of  the 
emulsion,  nhotograohs  are  obtained  wi-bh 
the  most  correct  tran.s.fer  .of  the  original. 

C  rdinarily,  the  vri-dth  of  an  emul¬ 
sion  is  neas'ared  by  the  difference  of  the 
l.osarif'uris  o.f  the  con’esponding  exposures. 

I'"  th-G  la;;  of  the  distri-bution  of  Uq  near 
its  most  "irobable  value  is  determined  by 
the  disti*ibution  curve  shown  in  Fig  21b, 
then  the  "■width  of  the  emulsion"  of  the 
electrochemical  nlate,  evaluated  b;r  the 
difference  is  very  small, 

of  the  order  of  0.2. _  This  corresponds 
to  the  ratio  .  consequently,  to  a 
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or  a  great  contrast  T  of  the  photograph  in  this  regionj  in  photo¬ 
graphic  sensitometrj 

‘  I 

Wiis  contrast  T  or  the  density  gradient 

can  be  made  yer','"  large  tw'  selecting  the  coherers  vrilth  n  as  close  as 
possible j  vrhen  U'j,  -  u  is  very  small  (Pig  21a),  such  a  plate  should 
be  used  for  photographs  vrith  image  sections  that  differ  in  bri^thess, 

i.  e.,  with  weak  half  tones. 

For  strong  and  uniformly  scattered  values  of  Uq,  we  obtain  a 
veip-  large  'hridth  of  einulsion”  (Fig  21c),  which  becomes  necessary  if 
it  is  desired  to  fix  the  half  tones  in  weak  as  well  as  in  dark  sec¬ 
tions  of  the  image  (See  V.;Arkad*yev  and  13.  Chernjravskay.  ZhETFj  7, 
107,  1936  (see  below)  ). 


6.  Conclusions 

l«/hile  ire  can  note  the  following  features  of  similarity  and 
difference  betvi'een  the  electrochemical  (s  tic  to  graphic)  and  photo¬ 
graphic  sensitive  elates: 

1.  A  chemical  sensitive  plate  permits  fixation  of  such  phe¬ 
nomena  as  electromagnetic  radiation  which  cannot  be  picked  up  by  ajiy 
other  method  in  the  forjii  pf  a  graphic  image. 

2.  It  permits  momentary  photographs,  i.  e,i,  it  is  capable  of 
fixing  extremely  brief  electrical  phenomena. 

3.  It  has  a  threshold  of  sensitivity  and  can  have  a  greater  or 
smaller  "width  of  emulsion." 

li.  It  reacts  essentially  on  the  amplitude  of  the  field  and  not 
on  its  energy;  for  this  reason,  a  chentLcally  sensitive  plate  is  not 
canable  of  accujiralati.ng  the  action  of  radiation  and  has  a  high  limit 
of  sensitivitv.  n 
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5*  Its  grain  coitipirlses  a  fraction  of  the  length  of  the  record-  ; 
ed  waves}  for  this  reason,  the  accuracy  of  the  photographs,  in  the 
sense  of  the  transfer  of  small  details  close  in  dimensions  to .the  wave¬ 
length,  is  much  greater  than  that  of  a  photographic  grain. 

The  electrochemical  plate  is  anisotropic  and  has  an  axis  of 
the  greatest  sensitivity.  In  a  perpendicular  directibn>  it  does  not 
pick  up  electrical  vibrations. 
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